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SUMMARY

Technology was developed for determlnlng A9 tctrahydrocdnnablnol (A9 THC)
and its major metabollte ll-nor- A9 tetrahydrocannablnol -9~ LJFbO(yllL acid (9-
COZH-AS-THC) in human blood plasma utilizing high pressure'llqu1d chromatography
(hplc)‘ano ultraviolet (ov) deteetion. The method deyeIOped for analysis of
A%-THC was accompliehed,using an extraction of 1 ml of'plaema with petroleum
ether followed by'norhal phase hplc analysis. With the method, the lower prac- .
tical limit oflquantificatioh was found to be 10 ng/ml, but a detection limit
of S'ng/ml was readily aohieved Thus the method would be useful for quantlfylng
A9 THC in the one-hour perlod followlng marijuana smok1ng The precision and
»accuracy of the'method waS'comparable to the previously.deveIOpéd hplc-ms
methodology 5 |

For. the analy51s of 9 COZH-A9 THC, an hplc-uv method was developed utlllzlng
a reverse phase column. Although the lower pract1ca1 quantification limit was
found to be 10 ng/ml of plasma, the plasma levels‘deteroined in several ﬁarijoana
smokers were found to give a response greater than’that'observed for a 100 ng/ml'
standerd. Mass spectrometry was used to demonstrate that the quantified peak in
the hplc analysis was consistant with the mass spectrum of 9-C02H-A9-THC. The
developed method was used to determine the plasma levels of QQCGZH-AS-THC in
both marijuana sﬁokefs and pafients receiving A9—THC; - Results indicated that
9-C02HfA9-THC does not give a smooth plasma decay curve as does A9-THC and that
levels remadn quite high for 24 hOu:s following marijuana smoking. This assay

method may be of practical value in identifying a marijuana user.

A third type of assay method was also deyelopeo during the study for one of
the major cohstitueots of marijuana, ﬁii: canﬂabinol (CBN). Spectral studies
with the various cannabinoids 1nd1cated that CBN could be photolytlcally converted
to CBN I if air was excluded and to CBN II and CBN III in the presence of air.

Of these photolytic compounds, CBN I proved to behlghly fluorescent. An’ assay

iii



Summary
-‘Page 2

was developed for saliva which allowed CBN present from marijuana smoking to be

‘detected. A limited study was conducted using saliva from both marijuana smokers

and nonsmokers aS'weli as the saliva fr6m noﬁsﬁokerS“to‘wﬁich 1 ng/ml of CBN was
- added. The fesﬁlts indicate thét'é mérijuéné smoker can'béfidentifiéd if at
least 1 ng/ml of CBN is present in the saliva. o

All fhree of tﬁe hethodS'deQelopéd during the study represent an~a&vaﬁce in
reducing the coﬁplexity, time and expénse in ‘assaying for mafijuéﬁa use. In the
case of 2%-THC and §-C02H7A9;fHC, the dévelpped method isvsomewhétlmofe involved
sincé quantification‘is the majorfobjéctiVe.' With the CBN assay; the proceaufe
is not lengthy but‘gives only qualitativé’informétion'as to marijuana u;é.
All thrce ahalfsis uéilize‘comparatiVCiy simple teéhniqués. Althoﬁgh not”all.

clinical laboratories are equipped with hplc instruments to perform the A% -THC -

~and/or §;C02H-A9~THC assays, there would be the universal ébility to perforn the -

- CBN aséay since a readily avéilable fluorometer is,used,-

iv
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INTRODUCTION
| Duriﬁg é previous cdnfract_(HS-4—00968 and TSC-SSQ), téchnology was devgloped

-which-permitted.detéfmihatioﬁ éf nanOgrém amounté éf Ag-tetréﬁydrocannabinol (a3-
THC) in humén biood, saliva_of-breath. ‘This technoiogy utilized a high pressufe
liquid chromatography—massbspecfrometry (hplc-ms) method. The hplc step permitted.
A9-THC to be separated from the other major»canﬁabiﬁoids found in ﬁarijﬁana smoke
as well as eﬁdogenous body_coﬁstituents, whereas use of the mass spectrométer per-
mitted detéction of trace amdunts of AQ;THC.-vSelectivity, sgnsitivity, reproduci-
bility and acéurécy weré'all well dgmonstrated fdr this technique when applied to.
blood plasma (1). However, thé.méthod, although extellént, was not amenable to
loﬁ saﬁple cost or rapidity of processing. Thu$ fhe present contract period Qas
inifiated in.an attempt to develop altérnate'téchnology for the detection of~A9— 
THC. | |

Prior work in our laboratories had léd us to believe that AS-THC had fluoreé-
cent propértiés in various solvents such as 1,4-dioxane. Also this preliminary
work had shown that A?—THC had other optical characteristics which should be
éxplofed in order to find an optimal detéctiqn system for this chemical compound.

Results from our'eailier work (2,3) also indicated the consistent.appearance
of an unknown substance in the blood and breath of marijuana smokers. Since this:
substance éppeared only in the maiijuana smoker; and not in the'nonsmokers, an
assumption was made that this cdmpound must be an uncharacterized marijuana metabo-
liie. Theréfore, one facet of the present work was devoted to elucidating the>
structure of this substahcé.. |

EXPERIMENTAL

A. Ultraviolet Studies of the Cannabinoids

As a prerequisite to the study of the fluorescence properties of any chemical:
substance, it is necessary to know the region of maximum uv absorberice to determine

the proper wavelength for excitation. Literature values had been reported for
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Aé-m‘_c_ {4); CBD (5), VCBC (6‘)_ andv(‘IBN (5"')‘. | Ho'Wever,”sin'ce mget of these détef-‘
'miﬁations'hed been reported more-than ten years ago, it was feic chét'affedetef4
 mination was appropfiate. As shown in Flgure 1, thé uv snectruh.of.each '
1cannab1n01d was recorded in methyl alcohol u51ng a Cary 118 spectrOphotometer
Concentratlons of each cannabinoid in methanol was varied ‘to achieve measurable
absorbences over the usable uv spectrum. 'Cells used for ali determinations had
‘a2 10 mm pethlength. 'The eXtinction'COeﬁficieni of each c¢ompound was ceJCulated> L
using the fornUIa; | | | o
' A

E f Eg

where: A = absorbénce
c ; conCentfation;in g/iOOle'v
b = cell patn length |

" B. Fluorescence Studles of the Cannab1n01ds :

The fluorescence of the cannabinoids was studied in two ways. First, using
‘an Aminco-SPF- 125, A%-THC, CBD CBN and CBC as well as the two major metabolites
of’A9-THC;>viz.; 11-0H-A9-THC and 11—C02H~A9-THC were placed in a methanol solu-
tion and their emiseion specﬁra obtained. For the excitation Wavelength, the uv
maxima.fOr each respective compound were used. For example, A%-THC which gives
uv maxine at 208, 273.6 and 280 nn had three emission epectra_recorded nSing each
of these wa?éiengthslas'the'excitétion'WaVelength."Figure 2 gives the flubieséent
spectra of these compodnos. ‘ | |
A second metnod used'fovstudy.fluorescénces was. the hplc-fiuorOmetry method;

This'method‘was used to delineate between indifidual cannabinoids and impnrities
which were containedvin the cannabinoid being studied Via the first method. For
example, A2-THC appeared to fluoresce qni;e intensely at‘higher concencrétions;"
but this was later'shown to be due to a slighc contamination-pfesent in A%-THC.
A more detailed discuesion of‘the-apparatue used fFor these studies is given'in C

- below.
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'C. Design and Construction of a Fluorometric Flow Cecll

At the outset of the.present contract, there chc no flﬁorometric flow cells
" available commerciqiiy which were compatibie with an hplc. Thus.design and con-
struction of such a flow celi was undeftaken; A number of different designs were
'éhvisidﬁéd, but most were rejected because of the difficult task of properly
.machihing the necessary parts. The final design'which was réduéed to consfruction,
iﬁcorporatéd sihplistic characteristics enabling ease ofbmanﬁf#cture and flexi-
bilify in the size flow cell used. This design is shown in Figure 3. Size of
“the quartz tube can be varied to.giV¢ the desired flow volﬁme. The quart:z tube
used in our work waé 5mm x 2mm i.d. to give a flow volume of 26 ul.

D. Analysis of AS-THC in Human Plasma Using>Sephadex—LH420 and Hplc

A 1 ml sample of human plasma is used for the analysis. To.the sample is
addgd 325 ng of DMHP in 3.0 ul of methénol as thg intérnal standard? followed
by extraction with 6.0 ml of petroleum ether (3 x 2 ml). The extracts are com-
bined and extracted at room temi)erature and fhe resultant residue ’reconstituted
in 0.5 ml of 10:10:1, methylene chléride:heptane:ethanoi an@ the solution placed
on a Sephadex LH-20 column. The Sephadéx LH‘ZO was packed into a standard volu-
metric burette which had been modified in two ways. First the tip was removed.
to prevent mixing of eluting solventébonce separation had been effected. The
second modification wés to fit each coluhn with a 19/28 ground glass joint in
which is placed a 500 ml round bottom flask whichAﬁés a corresponding 19/28 joint
fitted in the bottom. This flask was the reservoir for the eluting solvent.
Each column had a smali plug of silylated glass wool placed in the end and a
slurry of Sephadex LH-20 in the mobile phase poﬁ:ed in until a height of 30 cm
was obtainedf The flow of each column was set preéisely at 0.2 ml/min using a
‘stopwatch and volumetric markings. Using these conditioné,vDMHP elutes between
14 to 20 ml,and A°-THC at 20 to 26 ml. Both fractions were cbmbined and evapora-

ted prior to hplc analysis.
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' This residue is recoﬁstitﬁtéd in 200 ul of thehhplc mobile phase, 0.3% iso-
pro?anoi in heptane ana‘injécted'onto a CN-10 bonded phase column. A flow rate
of 120 ml/hr‘aﬁd uv detéctioﬁ'at 208 mu gé?e retentiqh timgs of_i;SS, 1.95, 2.09,
2.25, and 2.95 minutes for DMHP, CBN, A2-THC, CBC and CBD, reSpectively..

E. Analysis of A%-THC in Human Plasma Using HPLC-UV

To llml of huhan plasmé is added 70 ng (70 ul of a 10 ng/ui solution in
'methanbi) of 4% 11-THC and thé sample mixed for S sééonds using a Vortex mixer.
A silylated 15 ml conical test tube'was‘uséd. The sample is extracted with a
total of 6 ml (4 x 2 ml) of petroleum ether (b.p. 30-60°C) and the extracts cbm;
bined. For each extraction mixing is continued until a gel is formed, usually
‘ requiring‘about'zo seconds; The gei is diépersea by centrifuging at 2600 rpm
for 10 minutes and the top layer removed prior to the ﬁext extraction. The com-
bined extracts were évaporafed to dryness at room temperature and the resulfant
residue reconstituted with 100 ul of mobile phase, O.SS%viSOpropanol in heptane.
Fof hplc analysis, an iso¢ratic program was used at a flow rate of 40 ml/hr with
tandem columns consisting of a 10 ¥ NH and a 10 ; CN bonded phase column. Re-
“tention times of 9.2 and 10.3 minutes were nofed for a%>11-THC and A°-THC,
respectively. A totél analysis time of 45 minutes Qas required between samples
to permit reequilibratiéﬁ of hplc columns. Deteﬁtion of the eluting peaks was
accomplished uéiﬁg a spectrophotometer (Varichrom) set at 209 nm. Peak height
ratio of A%-THC to 2% !1-THC was &etermined'by measﬁring péak height from a
tangential line to the base of the peaks. .Values of unkndwﬁ samples were deter-
mined by suBstituting the peak height ratio into the least squares équation for
standards of 5, 10, 15, 20, 30, 60 and 120 ng/ml. |

F. Analysis of 9-CO,H-A%-THC in Human Plasma Using HPLC-UV

To 1 ml of human plasma is added 1 ml of pH 4.0 buffer and the sample mixed
for 5 seconds. The mixture was extracted with a total of 6 ml (2 x 3 ml) of 1.5%

isopropanol in benzene, mixing each time until a gel forms. Centrifugation of.



the’gel at:ZSOO rpm for iO minutes»produces two.layers,. Each time f ml or the
‘top layer was removed, comblned and evaporated to dryness at room tempe131ure

To the resultant re51due was added 50 ul of SO 50, water acetonltrlle _A gradlent
elution program was. used for ‘the hplc ana1y51s which started at 60 40, Waterf
acetonztrlle and was held 1socrat1ca11y for 3 mlnutes, then 1ncreased to 40:60,
water:acetonltrlle over 2 mlnutes and held for 5 minutes, then reversed_to 60:40;
wateriacetonitrile over a Ziminutevoeriod. With this program, the-retention time
of‘9-C02H-h9_THC;was 2.7 minutes. Detection was aecompldshed‘USingva;srectro_
photometer (Varian 633b) set at.210 nm. The column used was a‘Water's AssOciates
37-50 M ohenyl bonded phase with a flow rate of 60 mi/hr.vahe area for 9;C0§H-A9-
THC was determined by triangulation and the né/ml present eaiculated'by using the

léast square equation for standards of 50, 100, 300, 500, 700 and 1000 ng/ml.

Results and Discussion
A. Hplc-Fluorescence Studies
" Prior to the initiation of the present study, results from our leboratory

9

had shown that A”-THC had some fluorescent c¢haracteristics in certain solvents.

Thus a concerted effort was made to determine how to optimize these fluorescent

propertles of the cannab1n01ds Foremdst in this Study was the concurrent devélop--

| ment of a fluorometrlc flow cell which was compatlble with the hplc and a moblle
phase system whlch would permlt separatlon of the cannab1n01ds as well as permlt
thelr fluorometrlc 1dent1f1cat10n.' Using the hplc fluorometrlc system, it was
found that the fluorescences observed or1g1nally with Ag—THC were attrlbutable
to’en'impurity.b Absolution of AgFTHC in 0;4% dioxane in heptane gave acceptable
fluorescences but when analyzed no fluorescence was noted at'the retention time
for Ag—THC. 'Insteed, the fluorescence was noted at the retention time.of CBN. |
Since AS_THC had very little native flnoreseence, a study was begun of ways to
induce fluorescence into A9-THC. Several reports (7,8) had indicated that |

9

A”-THC would react with dansyl chloride to give a reaction product as shown in

Figure 4, which was highty fluorescent.

i»
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Numerous attempts were made to duplicate the reported procedures both on a

semi-macro and micro scale.  Using the procedure of Forest, et al (7), mo reacticn

N (CH3) 5

Dansyl
Chloride

FIGURE 4

waé'consistently found to occur. The most légical explanation was that the
dansyl chléride was being converted to the unreactive sulfoﬁic acid, although
this was not'conclusivelx demonstrated. A number of diffefent modifications in
the reaction conditions were made in an effort to get the desired coﬁdensation

product. However, all these modifications resulted in giving a mixture of reac-

 tion product, none of which were the desired product. Although several of the

reaction products did show fairly nice fluorescent prbperties, there was no
cohsistent reproducibility in the resultant intensity. These findings led to
the conclusion that the reaction between A%-THC and dansyl chloride is not a
simple, straight—forward chemical reaction as had been indicated in the prior
reports. Owing to the multiple reactidn products and lack of reprodﬁcibility,

the entire method was abandonéd.
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B. Hplc-Ultraviolet Stiidies for A9-Tetrahydrocannabinol

InIOQr prior.ﬁpicemsiwock {143), hplc with'uﬁ_deteCtiOn had Been‘fcutinely o
used. Fofgtﬁie wdfk,;273;6 nm had been used as‘the_waveiength fcr:detecting
A%-THC. As a”fesulc‘ofvche'uv‘sfudies done és'e_prelude te the'fidcrOmetcic :
studies, ic_wds'éerendipitOUSly founddthac AQ;THC'gave its’maXimum uv absdrbencee
at 209 nm rather'ihaﬁ'273.6 nﬁ'(cf;,‘Figure 1). In fact,AtHe abéo;étioﬁdwds
~ found to be'épproiimately,lo cimes”greater at 209 nm as eVidenced by the.moiar
ébéorbtivity shown in Figure 1. ‘To ufilize this newly found wavelength fdr de-
“tection cf'Ag-THC for monitoring the hplc effldeht, it was necessary to develop
some different hplc mobile phase solvents which did not have a uv cut-off at
209 nm. One such isocratic system was found Wthh utlllzes 0.4% dloxane in hep-
taneAand.a silicic acid column.: Thls system adequately separates A9-THC, CBD,
CBN and CBC, while aIIOWing_monitoring.at 209 nm asvshown~iﬁ figﬁre 5. Initial
work with ‘this system demonstrated that 20 ng of A9-THC could be ea511y detected
- However; to detect amounts of A9 THC lower than 20 ng became a problem due to
_ the 51gna1 to nolse ratio. That is, if the amplltude of the'recorder was in-
creased to‘detect the signal for A9?THC, the ambient noise became so great that |
the signal could not: be detected. To‘overcemeithie Iimication, a humber of
electronic hcdificétions as weil as opticalkmodificecidns were made to the spectrcf
‘phétbmeters usea as_detectofs for the hplc. E*?erimeﬁtally, it was found fhat
besc-resulcs were found by using‘a dual column-dual beam configuratioh‘on the
spectroﬁhotcheter. This modification_ailowed 10 ng of A9;THC to be c1ear1f de-
tectable when injected Onco‘che'hplc instrument. | : | '

The findiﬁg_that’smail amounts of A%-THC could be‘detected byjtﬁe hplc-uv
method prodpted an evaluation of the method for AS-THC ‘in blood plasma. Initial
results were very discouragingibecause it wae found that chere Qae an endogenous
constituent in humah_blood'plasma with an hplc retentiantime viftﬁéily identical

to A9-THC. Numerous variationsin the hplc program were evaluated in an attempt
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to separate the endogénous‘plasma[oonstituent from A9—THCL However, no hplc

' variations were found to be entirely Satisfactory~ At thlS Juncture, a preeolumn

clean-up of the blood plasma extract us1ng a Sephadet LH-’O column was 1nvest1—

~ gated. ThlS precolumn clean- up proved to be- very satlsfactorv 1n remOV1ng the -

1nterfer1ng blood plasma constltuents

A second hplc method was developed which has proven to be more satlsfactory-
for the cannab1n01ds. ‘This System uses O.3a 1sopropanol in heptane as the mobile
phase and a_bonoed phase nitrile colomn. Use of tme.ieopropanol as compared to

dioxane in the mobile phase accomplished two salient points. First, the signal

to noise ratio was dramatically improved, thereby reducing the signal to noise

ratio and antiquating the need for dual columns. Second, the detectability of

A%-THC was increased since a stronger response for 10 ng was observed. However,

to successfully use the isoprOpanoleheptane mobile phase, it was necessary to
switch to the nitrile boﬁded phase column. The major reason for this is the loss
of resolutlon which occurs on a silicic acid column with 1sopropanol 1n the moblle

phase

Ohce the proper hplc conditions were found, it was ﬁecessary to determine

‘the best 1nterna1 standard for the analysis of A9-THC CBD, CBN and CBC The

compounds, hexahydrocannabinol (HHCBN, II), A%:11 tetrahydrocannablnol (III),

"dimethylheptylpyran (DMHP, IV) and cyclopentyldimethylheptylpyran (CDMHP,'V)

were all evaluated as internal standards. Using either the silicic acid or

nitrile column system, HHCBN was found to be satisfactory and eluted from the
Sephadex precolumn along with A3-THC. However, with the nitrile column, HHLBN '
overlaps slightly with CBD and would make ‘the analy51s of CBD dlfflcult and mlght

posszbly interfere in a determination of A9-THC to HHCBN area ratlos. Further

" experimental work clearly demonstrated that DMHP was the best choice for an inter-

'nal standard when using the nitrile column.

Owing to the overall_simplicity of an isocratic hplc system which used only



15

one column, it was decided that the nitrile column offered the best analvsis
. system for A%-THC. Therefore the scheme shown in Figure 6 was developed for

analyzing A%-THC in human blpOd:plasma. Usihg the Séphadex LH-20 clean-up .

H-CHC.H,, MO CH-GH-CsHy
5811 | _
é%é gH% | CH, =R
DMEP = - . CDMHP
w ~ v
FIGURE 6

“Analysis of A%-THC in Human Blood Plasma (Sephadex Method)

1 ml blood

extract with pet. ether

residue (after evaporation)

' Sephadex column
. Fraction I - discard
14 ml :

A°-THC .

DMHP
 Fraction II - collect CBN ﬁ“?lyze by
14-26 ml . CBC pic

CBD



followed by hplc analysis as depicted in Figure 6, it was possible to develop

an analytical technique for A®-THC in blood plasma. The accuracy and precision.

v Qf the hplé analysis Wasjaéséésed,as shown in Table I. = To demonStiaté’the
TABLE I

AccurécY»éhd Preéiéion'df HPLC'Method fbr'AﬁaIYSis of A9-THC

Concentration : Area Ratio  Number of Standard

of AS-THC (ng) .~ Average (Range) Dete:minations ' Deviation
s 0.082 (0.070-0.083) ‘10 ~ +0.007
10 | 0.158>(O;148-0.i67)  | - 10 o ~ + 0.008
20  0.280 (0.257-0.306) 10  £0.018
‘30 0.418 (0.403-0.435) 10 £ 0.011
40 0.540”(0.504-0.580)' , _’ 10 £ 0.024
+0.027

50 . 0.688 (0.653-0.731) 10

’reproducibility of the metﬁod in blood plasﬁa, samples from two éubjeéts who

ha& smoked harijuana were evaluated and COmpared to results obtained from the
hplc-ms.technique. For this evaluation, éach subject's plasma was prbcesséd

on one of two different_Séphédex LH-20 céiumns. Thaé is, the plaSmé samples

from subject T.V.‘wére proceséed through-SépHadex cOlUmnAA, whereas samples from -
subjéct R.B. were pfoééssed through column B.. Four samplés from: each squect
were ﬁréceSséd;.O, O.ZS;VO.S and 1 hour post-smoking; A standard curve was ob-
tained for each Sephadex column by Processing blood plasma from éur laboratory
-wérkers to which had been addedAZ, 5, 10, 20 and 30-ng/m1 of AS-THC. The Sampleé
were alternated such that a standard was processed fdllbﬁed By.a subject's plasma,
étc.;Iuntil all sampigs had been proceésed. AA tétal of 4.5 days was réquired tb‘
process the samples on each of the Sephadex columns, since only 2 samples per

day can be proéesséd on .each of the two columns.' Howevér, all samples wéfe

pfoéessed byihplc_on'the same day; Results from this study>are given in Table LI.
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As Table~11.iilusﬁrétes, the values obtainéd for subject T.V. are in quite
good agreement with the hplc-ms technique. " However, the values obtainedbfor
subject R.B. using a second Sephadex column wére inconsistent at two of the three
levels deﬁéfmined. These,iesuits point out one of the prbbléms with the Sepha&ex
clean-up, that is,‘inCOnsisﬁency of different columns. Such inconsistencies.are
ﬁost likély related to the variability in flow rate from one column to the other.
Although the flow rate was carefully adjusted‘as outlined in the earlier experi-
mental sectibns; there is some variafion during an elufion due to the pressure
(or lack of pressuré)_exerted.by the reservoir of mobile phase.

Anbther'problem Qith the Sephadex method is illustrated in Figure 7,
which "is - an hplc éﬁromatogram of blood plasma which is free of Aé;THC and has
Been processed through SephadeX and hplc. Figure 8 is an hplc chromatogram of
the same blood plasma to which 36 ng of A9~THC and 375 ng of DMHP have been added.
Since both the DMHP énd A?-THC appear as Shoulders on other peaks, the qu#ntifida-

tion is complicated. The othervmajpf drawback'to‘the'Sephadex-hplc method was
TABLE 1I

- Sephadex-Hplc Ahalysis of Marijuana Smokers' Plasma Compared to Hplc-Ms Analysis

Sephadex Time ng/ml AS-THC Found

Subject - _Column - (hrs) HPLC HPLC-MS
T.V. A 0 10,0 11.3
| 0.25  25.7 34.6
0.5 : 19.5 16.5
1.0 11.7 10.1
R.B. B 0 4.1 5.7
' ' 0.25 60.9 43.7
0.5 92.5 18.9

the long analysis time required for an individual sample. Thus as was demonstrated
with column A (Table IV), good values could be obtained, but five days actual

analysis time was not practical. For these reasons, this method was dropped from
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cons1derat10n as a replacement for the hple- ms method

As was noted in Flgure 8, the maJor problem w1th hplc analy51s was the en-
dogenous blood plasma const1tuents which caused the peak for Ag-THC as well as
the propbsed internal standafds to appear as shoulders'end not_be clearly resolved.
.In'an,attempt to"overcome some of these inherent difficolties, a number of experi~
mental'véfiations were tried. One such experimentalbvariation was to attempt to
‘remove these endogenousvpiasma conStituénts by using various extraction tech-
niques.. For example, instead of extracting tHe plasma with petroleum ethet prior
to hplc'analysis as was illustrated in Figure 8, other solvents were tried, These
were benzene, benzene with varylng percentages of 1sopropanol (0. 5 So), heptane,
and heptane with varying percentages'of 1sopropenolo(0.5—sa). None of these
emtracting SOIVents or solyent comoinations gave satisfactoty reéults; That‘is,b
the resolting chromatograms were not too dissimilar to that.given in Figure 8.

Another exper1menta1 technlque wh1ch was 1nvest1gated to remove the 1nter-
ferlng endogenous plasma peaks was the classical procedure of proteln prec1p1tatlon.
vao different prec1p1tat10n procedures were investigated, XEE: methanol and tri-
_chloroacetlc acid. Witn methanol a 1:1 ratio of methanol to plasma was‘used;
whereas, a 1:1 ratio of 5% trlchloroacetlc acid to plasma was required. In botn
methods, the prec1p1tate was removed by centrlfugatlon and the supernatant 11qu1d
extracted with petroleum ether. W1th both methods, this extract was shown by
'hplc'anélyeis to contain neither A%-THC nor the internal standard. Thus it
appeered that.A9eTHC w;s bound‘to the'precipitatedprOteins. When the precipitate
was reéusoended in distilled water and extracted with petroleum ether followed
by hplc analysis, a chromatogram very similar tovFigUre 8 was obtained. Thetefore,
the interfering endogenous plasma constituent was not removed by this protein
‘precipitation technique.

Yet another experlmental technlque which was tried was using an hplc Sepha-

dex LH-20 precolumn. Since there are no such columns available commercially,
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one was coﬁstructed by slurryinﬂ Sephadex LHQEO with.lOO'micron'silylated_glass
beads in heptane and pourlng the mixture 1nto an hple Lolumn This LOlUﬂﬂ wabv

' placed prlor to the CV column on the hplc instrument. As shown in Flbure 9
-there was stlll lmcomplete resolutlon ‘of the A9-THC from the endogenous plasma
peaks. However there did- appear to be some 1mprovement in the resolut10n,g1v1ng
' hope that some type of precolumn might be an effectlve way to resolve A9-THC from
the endogenous plasma constltuents. Such an effectlve preeolumn was found in a
bonded phase NH column. bThe resolution initially obtained as shown in'Figufe 10
was better‘but'not.completeiyvsatisfactery. HoweVer, it should Ee noted that
4%:11_THC, the internal standard was adequately resolved and A%-THC still needed
to be more.completely resolved from pﬁe enddgenous plasma constituent. ~To accom-
plish a satiéfactory sepafation of_Ag-THC,'an intenéiﬁe investigatien was under-
faken_to determine the optimum mobile phase conditions to effect maximum reéolu4.
'etioa, 'TableIIIsummarizes'some of the conditions tfied; Thus it was feund that
0.6%'isopropanel in heptane at a flow rate of 60 mi/hr gave the‘optimum resolution
of A%-THC from the two endogenous plasma constituents as well as permittihg satis-

factory separation of the intérnai standard 4%,11.THC. However, sometimes

TABLE III

Experimental Conditions for HPLC Analysis'WithANH—CN Columns

% Isopropanol  Flow Rate _ ,

‘in Heptane ml/hr Resolution
0.1 60 - very poor
0.1 | 120  very poor
0.2 66 . fair

0.2 120 fair
0.3 60 good
0.3 120 good
0.3 150 ~ good
0.5 120 . good
0.6 60 'Very'good
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'coﬁpromises ‘must be made, and this was the case for the Optimum resolution obtained
w1th 0.6% 1sopropanol 1n,heptane To keep the.overallkanaly51s time short while
maintéining an écceptable.reSOIution, 0.55% 1sopropanol 1n.heptane was chosen as
the mobile ohaSe,‘atus flow rete oi 40'm1/hr. 'These oonditions permit the.ahalysis _
'_of a blood plasma Sample_for Ag-lHC in 35 uinutes with a. lower limit of seﬁsitivity
of lO_ng/ml. Figuré 12 illustrates these conditions. |

. In oruer to test the adequacy of the developed method for determining the
AQ-THC 1é§éis in merijueua smokers, a study'wes oonducted'on plasma from actual
vmarijuana'smokers.  Tﬁe samples ahélyzed were concurreutly analyzed by-the proven
hplc-ms technique.' Results from thls study are presented in Table IV and clearly
demonstrate that the method gives results similar to the hplc ms method.

C. HPLC—Ultraviolet Studies on»ll-nor-A9—tetrahydrocannabinol-9-carboxvliC'Acid

The major metabolite of- A9-THC is 1l-nor-aS- tetrahydrocannabinol 9-carboxylic
acid (9- COZH A%- THC) This metabolite has physlcal properties which are quite
dissimilar from_A9—THC. One important difference is a lesser degree of binding
properties. Other'differences include greater.polarity, water solubility and
acidic properties.' Therefore, as a result of these phy51cal property differences,

it was necessary to deve10p an analytical procedure for 9-CO,H-A%-THC analysis
vwhich was somewhat different .

In developing the_assaylprocedure for 9<C02H—A9-THC, it was necessary to
consider the following factors: | | |

l) optimum pH for extraction from physiological'fluidsb

25 Outimum solvent for eXtraction from physiological fluids

3) proper'hplo'conditions for analysis v

4) internel-standard which wasicompatible with the above conditions.

As was oreviously discussed, the uv absorption properties of 9-CO,H-A%-THC were
Very good at 210 myu (cf., Figure lS),and therefore uv detection of the compound

following hplc'analysis was feasible. °
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TABLE IV

Comparison of Hplc-uv And lec—mszTechﬁiquéé"

- Patient - Time Post- ,.ng/mll Fpﬁhd
. Number =~ - dose (hrs) - hplc-uv hplc-ms
s 0.0™P 12 0
' 0.0833 <87 85
0.1666 57 55
0.25° . 42 35
0.50 27 21
0.75 19 18
1.00 17 14
1.50° 1s 13
2.00° 29
\ )

.00 .0 2

aSample taken prior to dosing

Sample broken in'transit
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initiél’wofk‘oﬁ the:assay'for this metabolite using normal phase hp1¢ as was
- developed fbf A%-THC wésvimpractiéél.dué to the polﬁr ﬁaturg of 9-C02H—A5-THC.'_ 
U;ing'SQch'a Systeh resulted in Lohg‘énélySis fimé,'broad.éluting bands as well

- as podr sensitivity for tﬁe bolar metab&liteﬁ Thésé finding% led then to an
iﬁVéstigation of réverse-phase hplc for analyéis of'this metabolite. The first
'type of h§10’column‘investigated'was.a C-18 reverse-phase'cdiumn. A number of
‘different types of mobile phaée.combinatiOnsAwere used as aré illustrated in'
Table'v_ Thé major prdbleﬁ witﬁ the'C-lSlréverse phase COiumn proved to be the
very shéft retention time,fof 9-CO£H-A9;THC.' This short refenfibn time placed

it upon the trailing edge of the peaks generally found in blood plasma, as illus-
‘trated in Figure 14, and made accurate quantification difficult.

The moét satisfactory hplc conditions for the anaiysis.df 9-CO,H-A49-THC was
' uitimately.achiéved by using a phenyl—bon&ed phése'cdlumn in thé revefsé.mode.
.Mahy aifferent solvent comﬁinaéions were again tried as mobile.phase for'thié
type of column, but based upon the previdus expgrience Qith the C—lé column,
Water:écetonitrile was used exclusively in the developmental work. To achieve
adequate resblution and sensitivity for 9;C02H~A9fTHC from éndogenodsAblood piasma
constituents, a gradientAﬁplc program waé employed. The program sfarts,ét 60:40,
water:acetonitrile for 3 minutes and then is increased to 40:60, water:acetonitrile
§ver a 2 minute Qeriod, held at that ratio for hinﬁtéé, then returned to 60:40,
water;aCetOnitrile:ovér a2 miﬁute period. ~Using fhis hplc gradient program,
9-CO,H-A%-THC is eluted at 2.7 minutes as showﬁ in Figure 15. As noted in Figure
15, the 9-C0,H-A2-THC is*eldfed during the isocratic portioﬁ of the hplc progfam.
The major purpose of the gradient program is to ciéar tﬁé endogenou5'blood blésma
éompounds so that the Qverall analyéis time is reduced.

: Ohce'thé proper hplc conditions were achieved‘fbr 9»CdéH-A9-THC,'a study was
conducted fd determine which pH and ext:éctidn §olvent would be optimum. Table

VI. summarizes the major conditions which were evaluated. As a result of these
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TABLE V

' MOBILE PHASE STUDIES FOR REVERSE PHASE CHROMATOGRAPHY (C-18)

‘Using 100 ng-qf;ilanorQAg—fetrahydro¢anﬁabiho1-9~¢érboxylic Acid»

Sblvents

“Water:acetonitrile

Water:methanol

Water:acetonitrile:

- ethylene glycol

Water:acetonitrile:

methanol

Composition Time (min)  Height (in) Width (min)

Retention

Peak

30:

50:

. 55

- 60

65:
-f70:
35:
405
45:
50:
50:
50:

SS:

5%

60:
- 60:

- 20:

45

50:
.50
'55:

55:

58

60

60:

70

50

145

35

30
65

60

55
48:
45:
40:
43:
40:
39:

38:

50

:45
45:
. 30:
40:
35;
537:
38;

35:

140

530

:10
20

10

5

2 .

0.8
0.9
o.é

0.95
1.45
6.0

1.1
1.25
1;45"E
‘1;15

1.15-
1.15

1.25

1.35

1.7
1.6

0.85

1.15

1.25

1.5
1.9
1.7

1.75

2.5

Half
10 1 0.15
0 0.15
8 ERTE
'27 0.15
5 _0.25'
 1, 3.00
6.5 0.2
5 0.25
N ©0.35
g 0.18
'7 0.18
7 0.18
6 0.2
5.5 0.22
4 6.35
s 0.3
6 0.15
6 0.2
6 0.2
4 0.3
- 4.5 0.3
2.5 0.5
4 0.4
' 4;5 | _0.3

[12
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TABLE VI
: Evaluation Of‘Extfacting.pH and_Sdlvents,for 9¥COijA9hTHCIFrom Blood

Relative Amount
of 9-CO,H-A%-THC

éH _ | ExtractihgaSolveﬁt o Recovered
ambient - - petroleum etﬂer | R . none
2.5 . petfoleum ether : o o none

2.5 ~ benzene (1.5% isopropahoi) | 70%

2.5 " benzene (3% isopropanol) L 60%

4 beazene (1.5%_isoﬁrbpanol) ' S 70%

studiés, a pH of 4 and benzene containing 1.5% isopropahbl was used as the ex-
tracting conditions forianalysis of 9—C02H-A9—THC.. To evaluate the 9-C02H-A9—THC
~level iﬁ blood plasma df marijuana smokers standard cufves were prepared usiﬁg
combined plasma from our laboratory wbrkeré to which known amouﬁts of 9-CO,H-A9-THC
had been added. These standard curves were prépared on the same day as the samples
'from the marijuana amokers and aﬁalyzed amohg the actual sa@ples. All of the
standard curvés pfoved to beilinear over fhe caacentration‘rangeé of 50-2000 ng/ﬁl.
Table VII gives the results from a subject who received 10 mg of a%- THC as
an aerosol spray. Certain of these samples were analyzed again and as noted the
intra- sample agreement is qulte -good. Also it was noted that the 1evels of _
9- COZH A9-THC were unexpectedly hlgh that is, much greater than those of A%- THC
Next the assay method was used to evaluate the 9-C02H—A9-THC level of a mari-
juana Smoker who had received 10.8 mg of A9-THC. Results from this assay are given
in Table VIII.Again, it was noted that the levels of 9-CO,H-4%-THC were quite high
and that they were quite random when comparéd fo AS-THC levels; that is,'there is
no smooth decay with.fime. | |
~ The precision and reproducibility of the assay method was demonstrated by the .

analysis of some blind samples supplied by Dr. Richard Stillman of NIDA. These
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 TABLE VII
Blood Plasma Level of 9-CO,H-A3-THC From a Subject
Receiving 10 mg of a%- THC via Aerosol’ Inhalation

~ Time ©9-COH-49-THC
- Post-dose (hrs.) - Found (ng/ml)

0 ) 590
0.083 770

. 0.25 2050, 2100

0.5 800, 780
1.0 820, 740
1.5 930
2.0 1000 -

3.0 1480, 1500
4.0 680, 700
5.0 380
6.0 250

TABLE VIII

Plasma Level of 9 «COZH a9- THC From a Marijuana Smoker -
Rece1v1ng 10.8 mg of AS-THC _

ng/mi Found

Time (hrs) 9 -COpH-a%-THC  a%-THC?
0 300 0.4
0.25 1540 - 57.9
0.5 . 1840 24.8
1.0 3000 . 14.8
2.0 1480 10.7
3.0 2040 2.4
4.0 1900 6.2
12.0 2650 5.8
24.0 1920 2.5

®Determined by the hplc-ms method

&
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~ TABLE IX
Plasma Level of 9 -CO,H-4%-THC From NIDA Samples

ng/ml of 11-COpH-A%-THC

Subject Time  Found in Split Samples
A pre 180 180
2 hrs. N _‘180 a
. B . pre ) 0 .0
2 hrs. 30 30

éSampleAlos; through laboratory accident

samples were obtained from two marijuana smokers at the'timé intefvals shown in
Table IX. Each sample dfaQn,wa# divided into two portions,‘cbded and sent to us
for analysis. Once the analysis was completg, the reSul;s‘Were supplied to br.
Stillman and the code broken. ,Thg'reéulté shown in TableIX indicate excellent’ :
intra—samplé precisidn. |

| Since all tHeISamplés aﬁalyzed by the déveloped method gave such unexpectedly '
high levels of 9;C62H-A9-THC, there appeafed to be some question as to the speci-
ficity of the méthod. That is, was it possible that another metabolite of AS-THC
.could Be_eluting at the same réténtion time aé was 9—C02H—A§;THC, causing erroneous
values for the aésay? To answer this question, the eluent from the hplc wés col-
lected at the place where 9-CO,H-A%-THC elutes after'lod ul of mobile containing
500 ng of'9-C02H—A9;THC, or 100 ul ofbmobile phase containing p;asma known to be
free of 9—C02H-A9-THC; or 100 ul of mobile phase confaining plasma ffom-a marijuana
émoker was injected onto the hplc. Each eluent wéé’analyzed by mass spectrometry.
Thé collected eluent from the mobile phase and the mobile phase contéining plasma

known to be free of 9-CO,H-A%-THC were devoid of m/e in the region to be monitored
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for 9-C02H-A9-THC In adsimilaf manner, the elueht ffom the plasmavto which
9- COZH 23- THC had been added and that from -a marljuana smoker gave 1dent1ca1
fragments at m/e 344 329 and 299

" The other major problem with developlng an assay- for 9- COZH 2% THC was the

selectlon of a proper 1nternal standard A number of different internal standards'

"which had 51m11ar physical propertles as 9- C02H Ag-THC but would not appear in
human plasma,Awere eValuated. These compounds and the;r retent1on~t1mes are given
in Tabie X. When-eompared to the refeﬁtibn'timeiof 9—C02H;A9—THC,.Viz;,'2m7
minutes, it is obvious that most of the compounds'were'unsuitable as internal
standards. .Only one coﬁpoond benzYibiphenyl appeared to have p0551b111t1es ‘as
an‘interhal standard; However, it was not p0551b1e durlng -the present study to

'fully 1nvest1gate 1ts use as an 1nternal standard.

"TABLE X

Compounds Investigated as Internal Standards '
for the 9= C02H A%-THC Assay

o o _Retentlon o
. _ _Compound . . Time (min) - ___Comments
“biphenol . _ S 1.2 S uhretained-
‘olivetol ‘ SR _ 1.2 . "unretained
catechol o _ 1.2 unfetained
Z-bipheny1oarboxy1ic acid | 1.2 dnretained
- 4-biphenylcarboxylic acid ' 1.2 unretained
4-pheny1phenol | ‘ 1.4 | ~ not resolved from an endogenous
o ~ plasma peak :
4-biphenylphenol o 2.9 not résolved from 9-CO,H-A°-THC
2-biphenylphenol ‘ ‘ 3.1 not resolved from 9-CO,H-4%-THC
| biphenyl ‘ 4.0 not water soluble ‘
. 4-(p- blphenyl) -2- methylthlazole,._ 5.0 . not resolved from an»endogenous
A B : plasma peak
' benzylbiphenyl ‘ o 11,0 resolved from endogenous plasma

peaks

«)

e



' p. Fluorescent Studies With Cannabinol

Priof fo initiation of the present contract, it was beliévcd théf Ag—THC had
sohe fluéreséent prbperfieé. The reésén fqr.fhis belief was based upén th
.eafliér'studiés with Ag—THC iﬁ mefhanbl._ As was sﬁOwn in Figure 2, when A%-THC
waé exciféd at 279 nm and thé‘emissioﬁ Speéfrum feéorded, theré Qés some fluoreé-'
v cénce noted with 4%-THC. However, once the fiuorometricbflow cell described in
B above was attached to the hplc, it became obviéus that A%-THC was not the
fluorescentventity, but’rather cannabinol (CBN). This-finding'was'latgr confirmed
when ‘the hplc system dé5cribed in C above was used to analyze a 1 ug sample of
8%9-THC. A trace amount of CBN was found to be presént“in'the Aé—THC which had
been used in‘thé oriéinél fluorescence studiés. Thus a small study was conducted
to examine thg ﬁature‘aﬁd possible uses of this Highly fluoreécent charatteristié
~ of CBN. | |

One of the first things noted about CBN was that if it was excited at 279 nm
and the emission obéerVed.at 38; nm, the inténsity increased with the time excited,
uﬁbto a certain point, wheréupon the intensity markedly decreased. Some preliminary
hplc dnalyses of these irradiated 'samples cllearl'y demonstrated the presence of
~ other products. Thus it appeared that CBN was being photolytically decomposed
into other compounds. Figure 16 illustrates the typés of hplc Chrométégrams ob-
tained when CBN was irradiated in the presence of air and in the presence of
nitrogen. As shown in this figure, if CBN is analyzed by hplc, only one compound
‘is preéent. However,vupon irradiation under nitrogen, another compouﬁd is pro-
duced and in the preseﬁce of air two other compounds are produced.

Using hplc analysis of the irradiated CBN, it was possible to ;ollect the
eluehf and obtain the mass spettrﬁm of each cOmpbund. Figure 17 illustrates the
mass spectral findings. From Figure 17 it will be noted thaﬁ CBN II is obviously
obtained from incorporation of an oxygen atom into CBN I, whereas CBN III is a

dimeric material. Another use for the collected hplc eluent of CBN I, II and III
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‘FIGURE 17

‘CBN 1

m/e'306.
air
hy
~
m/e 310 ) S N CBN II + CBN III
'  m/e 322 m/e 610

was to determine the fluorescent intensity at 279 nm excitation and 381 nm
emission. Only CBN I was highly fluorescent at these wavelengths.

In an effort to utlllze the highly fluorescent propertles of CBN I, it appeared

.that a b1010g1ca1 sample would have to be 1rrad1ated under nltrogen U51ng con-

trol samples where CBN was added to methanol, it was VETry easy to detect femtogram
(10»‘15 g) amounts of CBN I. Thus it seemed feasible to take a small amount of
a phy51olog1ca1 fluid such as plasma, urine or sallva, 1rrad1ate it under nltrogen
and observe any fluorescence produced. However, it was found that both urine and
plasma contain endogenous‘substances which will fluoresce at the same wavelength
ae CBN I. The only physiological fluid found whien appeared to be acceptable was
saliva. | | | |

The procedure developed for assaying for CBN I in saliva is shown in Table

XI. ThlS method was used to assay 14 saliva samples from marijuana smokers as

shown in Table XII. The data presented clearly demonstrates that the developed

assay method can detect CBN I in a saliva sample of a marijuana smoker.
Following completion of the present work, anh article appeared (9) which utilized

the same photolytic principle to assay mouthwashes from marijuana smokers. These
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"TABLE X1

;"Deteétibn of CBN I in.ﬂuman Saliva

v~1._'EXtract'O.5 ml of saliva With
4 ml of petroleum ether

Evaporate under Né.
Add 2 ml of methanol

Take fluorometer reading

«

Irradiate 5 minutes under N,

[)]

o 7 Y U N

Take fluorometer reading

* TABLE XIT

' 'Saliva Fluorometric Analysis for»Cannabinbi

Time Sampled o Average Initial Average Final ‘ I .

After Smoking n Reading - - Reading. = Average Change .

control 6 0.03 (0.01-0.06) 0.45 (0.10-0.95) = 0.42 (0.07-0.94)

presmoking 2 0.82 (0.69-0.95) 1.45 (1.20-1.70) 0.63 (0.51-0.75)

15 minutes 6 2.17 (1.46-3.05)  7.89 (1.86-35.00)  5.72 (-0.26-32.8)

30 minutes K 1.71 (0.29-4.00)  8.06 (0.49-38.60)  6.35 (-0.38-36.69)
6

1 ng standard ©0.27 (0.12-0.33) " 0.61 (0.30-0.85) - 0.34'(0:18;0.57)
authors washed the mouth with four 15 ml portions of 9% ethanol in water followed
by extractionJWith petrbleum ether. Thé_petroieum ether extraét Was concentratad
“and placed on arn alumina column. Elution was performed with 100% ethanol and the
ethanol_éluent was irradiated at 285 nm and the emission read at 365 nm. The : w

authors claim a sensitivity of 15 ng/ml of mouthwash.

a)

Based upon our work, it would appéér.that Bowd and his coworkers have é?oduced
" CBN II an& IIi,'which.ére ﬁot as highiy fluorescént as CBN>i. To conclﬁéively
démonétrate this fact'WOuld require a duplication of their procedure and hplc-ms
identification. However, it is worth} to noté‘that both methods can detect CBN

in the mouth of a marijuana smokeér using somewhat analogous procedures.
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- CCNCLUSIONS

‘During the present contract period, technology has been developed which will :

pérﬁit the determination of A%-THC and its méjor metabolite, 9—C02H—A9¥THC,using

hplc with uv detection. Since the deveiopéd tethnology is one which uses chroma-

togfaphy; the speéificity for the individuél cannabinoids.is retained. The us;blé
limit of sensitivity for Ag-THC appearé to be‘ldlng/ml, although this was not
vigorously démonstrated in thiS work. Howévgr, thé égreement between the proven
hpic—ms method an& the newly developed hplc-uv method is very good. Therefore,
this technology would be adequate for ménitoring the one-hour post—marijuana.
smoking,whete the physiologic effect appears to be greatest. Thus for most
applications other than pharmacokinetic studies, this methodology should be use-
ful. Additionally, the equipment‘ahd.level bf expertisevfequired to perform the__
analysis is amenable to a number of laboratories. |

Since no qther assay method has.béen developed for 9-C02H-A9-THC, it was
impossible to perform a COmparativg validation assay for this metabolite. Yet
_thi; work did clearly dgmoﬁstrate that intra-samplé éfecision'wés excelient. .In

addition, it was possible to verify that the hplc results were consistent with

9. . ‘ . -
9-C02H-A -THC eluting at the quantitated retention time since the collected

'substance gave a mass spectrum similar to that of 9;C02H¥A9-THC>ﬁsing high

resolution mass spectrometry. The very high piésma leyeIS of 9-C02H-A9-THC
would bé consistent with thé "first pass effect" noted for Ag-THC in dogs. (10)
That is,vAgéTHC is rapidly metabolized during ;he first pass through the liver
and the blood levels of metabolites couid be much higher'ﬁhan the parent drug.
Unfortunately, it appears that the 9—COZH-A9-THC iévéls do not follow a smooth
decay curvé, as was the case with Ag-THC. Thus, at present, it does not appear
that measurement of this metabolite would be of any predicative value in
determining marijuana intoxication, although an indivi&ual could readily be
identified as a marijuana user since the levels of this metabolite are so.

high in plasma at all the time intefvals studied.
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_7Ahdth¢r,intéfesting resuit ofrtﬁe present work Qaﬁ the finding fhat CEN could’

'.Bé photolytically coﬁQértéd,tb a highiy-flﬁéfescent ébmpsund; Since CBN is -

_pfeséh£ in mérijﬁana smoke, a gtudy’was conducted on the deféttion of this éom-

_»pédnd in_éalivé.of bbth.marijuana smokers and ndnéﬁbkéﬁs. The limited results

indicated théf-phdtQIYSis of an eXtraét.froﬁ mariﬁuané smokers' saliva géﬁe

fluorescent chérééteristiés'indiéative-of the.photoiytit éongener of CBN, whereas . ¢

- saliva from a nonsmoker of marijuana did not. These preliminary results sﬁggest

@)

‘that a simple saliva test for marijuana use might be based on this assay.
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